Hg(II)) were synthesized (R= 4-methoxyphenyl-, R'= O-3-phenyl-1-propyl-). The complexes were of the general structure
INTRODUCTION
2,4-bis-organo-1,3-dithia-2,4-diphosphetane 2,4-disulfides (DTDPA) react with nucleophilic reagents to produce organo-dithiophosphorus compounds. [2,4-bis (4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane-2,4-disulfide] which is called Lawesson's reagent, (LR), a good example for DTDPAs, reacts with amines and bring about such as a dithiohosphonamido acid (1, 2) . LR also reacts with carbo anion such as Grignard compounds to produce dithiophosphinic acid (3) . Moreover, the reaction of LR with aliphatic or aromatic alcohols ends up with the formation of dithiophosphonic acids (DTPOA) (4) . DTPOA-type compounds are the best known organo-dithiophosphorus compounds (5) . They are of several industrial applications; for example, some of them are used in the industry to serve as metal chelating agents (6) , and antioxidants (in lubricating oils) (7, 8) . They also have agricultural applications as herbicides (9) and insecticides (10) . Some medicinal and pharmacological applications are of prospect (11) (12) (13) (14) (15) .
The DTPOAs are also known to act as soft bases to react with metal cations, some of them being neutral, molecular species. Specifically Group 10 metal cations tend to form mononuclear molecules with square planar coordination environments (16) . On the other hand, the cations Zn(II), Cd(II) and Hg(II) tend to form dinuclear DTPOA complexes that have tetrahedral cores (17) (18) (19) (20) . Square planar Ni(II)-DTPOA complexes can react with two moles of amine such as pyridine to produce a six-coordinated DTPOA complex (21) . In these complexes, the sulfur atoms of -PS2-group may serve as a singly bonded ligand or as a bridge-head (22) (23) (24) .
EXPERIMENTAL

Materials and Instruments
The LR, 3-phenyl-1-propanol were purchased from Merck and used without any purification. CHCl3, C2H5OH, C5H5N, NiCl2.6H2O, CdCl2 and HgCl2 were purchased from Sigma-Aldrich.
The LC/MS system was composed of a Waters Alliance HPLC with a C-18 column and a Waters Micromass ZQ combined to an ESI ionizer. 1 H-, 13 C-(proton decoupled) and 31 P-(proton decoupled) NMR spectra were recorded with a Varian Mercury (Agilent) 400 MHz FT instrument in CDCl3. SiMe4 ( 1 H, 13 C) and 85% H3PO4 ( 31 P) were used as standards. IR spectra were done on a Perkin Elmer Spectrum 400 FTIR spectrometer (200-4000 cm −1 ) and are reported in cm −1 units. Raman spectra were recorded in the range of 4000-100 cm −1 , at room temperature, using a Renishaw in-Via Raman microscope, equipped with a Peltier-cooled CCD detectors (−70°C). For Raman microscopy, a 50X objective was usually used and all the spectra were excited by the 785 line of a diode laser. Microanalyses were measured using a LECO CHNS-932 C elemental analyzer. Melting points were measured with a Gallenkamp apparatus using a capillary tube. Magnetic susceptibilities were performed measured on a Sherwood Scientific magnetic susceptibility balance (Model MK1) at room temperature (25°C).
Preparation of the compounds
Preparation of ammonium O-3-phenyl-1-propyl-(4-methoxyphenyl) dithiophosphonate, ([NH4][(R)(OR')])
This ligand was synthesized according to the literature (25) .
Preparation of [Ni((R)(OR'))2]
A solution of the NiCl2.6H2O, (0.17 g, 0.70 mmol) in ethanol (10 mL) was added to the solution of ammonium O-3-phenyl-1-propyl-(4-methoxyphenyl)dithiophosphonate (0.5g, 1.41 mmol) in ethanol (25 mL). After stirring for an hour, the mixture was left aside. The nickel(II) complex was violet. The crystalline solids were filtered off, and recrystallized from ethanol. 
RESULT AND DISCUSSION
LR and O-3-phenylpropanol were reacted to yield a crude dithiophosphonic acid. The DTPOA obtained is a viscous liquid with a disagreeable odor. To get rid of the impurities and the bad odor, it was converted to the corresponding ammonium derivative, that is, the ammonium dithiophosphonate (Scheme 1). 
Lawesson reagent [H][(R)(OR')]
Spectroscopic Studies Mass spectra
The m/z values of the mass signals agree well with the theoretical isotopic abundance of the elements, nickel, cadmium, mercury as well as sulfur. The molecular ion and some fragments display m/z values that are 23 units higher than that of the calculated counterparts. Na + ions known to be presented in the buffer solution of the LC/ES system, are assumed to be responsible for this observation.
Similar observations were reported in the literature (27) . + . In the mass spectra of the dimeric complexes of Cd(II) and Hg(II), ion peaks attributable to the moieties [Cd{µ-(R)(OR')}2{(R)(OR')}2] and [Hg{µ-(R)(OR')}2{(R)(OR')}2] are obvious, respectively. Experimental m/z data for the mass spectral peaks of the complexes are listed in the Experimental section relating to the individual complexes. The patterns of disintegration given in the literature for similar structures (28) (29) (30) are compatible with the ones we obtained here.
The compounds [Cd{µ-(R)(OR')}2{(R)(OR')}2] and [Hg{µ-(R)(OR')}2{(R)(OR')}2] appear to display no molecular ions but [Ni((R)(OR'))2] does display one. The masses of the fragments observed in the mass spectra of [Cd{µ-(R)(OR')}2{(R)(OR')}2] and [Hg{µ-(R)(OR')}2{(R)(OR'
)
IR and Raman Spectra
The specific N-H vibration band is visible at 3198 cm -1 in the ligand disappears in the complexes (25) .
IR spectral symmetric and asymmetric PS stretching bands ((PS) sym and (PS) asym) of the compounds are located at 547-552 cm -1 and 646-664 cm -1 , respectively. In the vibrational spectra of the Raman, similar bands are located at 541-555 cm -1 and 634-668 cm -1 , respectively.
M-S stretching vibrations appear at 306-308 cm -1 on IR and 280-306 cm -1 on Raman spectra. In the complex [Ni((R)(OR'))2(Py)2], the metal-nitrogen stretching signals appear at the expected frequency region of the IR and Raman spectra (31) . All the IR and Raman data are in good agreement with the previous observations (5,21,32-34) . The significant peaks are given in Table 1 . 
NMR Spectra
The complex [Ni((R)(OR'))2(Py)2] is paramagnetic and its ambient temperature NMR spectra is nearly unidentified to comment on. [Cd{µ-(R)(OR')}2{(R)(OR')}2] and [Hg{µ-(R)(OR')}2{(R)(OR')}2] are 101,3, 105,7 and 103,5 ppm, respectively. These findings agree well with the literature (3, 37, 38) . and [Hg{µ-(R)(OR')}2{(R)(OR')}2] were prepared. All the complexes are stable and soluble in organic solvents. The octahedral pyridino complex is relatively unstable and tends to reversibly lose pyridine at high temperatures (and even at room temperature in the long run). The singlet peak in the 31 P-NMR spectrum confirms that the phosphorus atoms are of identical environments in the complex. The structural details of the compounds were elucidated by elemental analysis, MS, FTIR and Raman spectroscopies, 1 H-, 13 C-and 31 P-NMR.
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